Six different rye cultivars were electrophoretically analysed. Three of them showed chromosome polymorphism for reciprocal translocations at various frequencies, while the other three were chromosomally homogeneous. The cultivars were shown to be polymorphic for isozymes at the loci Got-3, Pgm-1, Gpi-1, Acph, Mdh-l and Mdh-2b. The results obtained seem to indicate that the frequency of polymorphic loci, heterozygosity per locus and mean heterozygosity per cultivar are higher in those cultivars having chromosomal interchanges. In the "Ailés" cultivar, plants homozygous and heterozygous for interchanges were analysed, both in open-and self-pollination. The structural heterozygotes showed a higher genic heterozygosity mainly for the Pgm-1 and Mdh-2b loci. Possible explanations of this phenomenon are discussed.
INTRODUCTION
Structural heterozygosity for reciprocal translocations and inversions reduces the fertility of individuals due to the special chromosomal behaviour at meiosis. In the case of interchanges, unbalanced gametes -can arise in an adjacent orientation of multivalents at Metaphase I. Various hypotheses have been proposed to explain the existence and maintenance of structural heterozygosity for interchanges that occur in many natural populations, especially in plants (Burnham, 1956) . On the basis of the totally or partially suppressed crossing-over in interstitial segments (Burnham, 1962) it has been suggested that structural heterozygosity could be advantageous since it could serve as a mechanism for the possible establishment of coadapted gene complexes within the interstitial segments, and/or for preserving the genie heterozygosity in translocation heterozygotes through sucessive generations. Some authors have proposed that the selective advantage of genie heterozygosity occurs because relatively heterozygous individuals are better buffered against environmental fluctuations than those with low levels of heterozygosity (Lerner, 1954) ; while others have suggested an advantage due to the existence of new enzymatic forms in multimeric enzymes (Fincham, 1972; Clarke, 1979) .
There are several pieces of evidence (for a review see Turelli and Ginzburg, 1983) for the existence of a positive correlation between the fitness increase and the heterozygosity. If there is a relationship between chromosomal and biochemical polymorphisms, it would be expected that populations showing chromosomal polymorphism would be, on average, more heterozygotic than those which do not.
The existence of an association between chromosomal rearrangements and electrophoretic alleles has been mainly analyzed in Drosophila inversions, and it has been demonstrated that the enzyme loci are in linkage disequilibrium with the inversions (reviewed in Ishii and Charlesworth, 1977; Hedrick et a!., 1978) . In plants most of the information now available is obtained in the genus Oenothera (Levy and Levin, 1975; Levy and Winternheimer, 1977; Ellstrand and Levin, 1980) and more recently in Isotoma (James et al., 1983) .
The occurrence of interchange heterozygosity has been reported both in cultivated (Muntzing and Prakken, 1941; Akdik and Müntzing, 1949) and wild rye (Hrishi and Müntzing, 1960; Hrishi et a!., 1969) either at the inter-or intra-population levels (Candela eta!., 1979; Figueiras et a!., 1983) .
The aim of this work is to analyse the existence of a possible relationship between chromosomal and isozymic polymorphism in different cultivars of Secale cereale L. In one of them ("Ailés") the studied plants were obtained either by open-or self-pollination. This cultivar has been previously studied and showed the following charecteristics: (a) A rather constant frequency (15-20 per cent) of structural heterozygotes for several generations (Candela et a!., 1982) .
(b) Chromosomal polymorphism due to many different reciprocal translocations (Candela et a!., 1979 Mansilla (1980) and Ailés (1979) , showed a frequency of structural heterozygosity of 40 per cent, 98 per cent and 154 per cent, respectively (Candela et al., 1982; Figueiras et al., 1983; González-Jaén eta!., 1985) . All the cultivars were reproduced in panmictic and homogeneous conditions in experimental fields. Aminopeptidase (AMP, EC 3.4.11.1.) and Indophenol oxidase (IPO, EC 1.9.3.1.) following the protocols of Perez de la Vega and Allard (1984) and Figueiras et al. (1985) . The loci which showed variant alleles (see figs. 2 and 3 for nomenclature of alleles and genotypes) involve all the chromosome pairs with the exception of SR and 6R chromosomes (table 1) . Plantlets from the homogeneous species Secale vavilovii were used as a standard in all the gels.
RESULTS
In all the six cultivars seven activity zones belonging to six isozymic systems were invariant (GOT-i and GOT-2, GPI-2, ALK-1, PER-5, AMP and IPO). Neither ALK-3, ALK-4, MDH-3, PER or EST were considered because they have a poor resolution in many cases, show null alleles or there are some doubts about their genetic control. Therefore, only five enzymatic systems were analysed corresponding to six different loci: GOT-3, Pgm-1, Gpi-1, Acph, Mdh-1 and Mdh-2b. The genetic con- Malate dehydrogenase zone II: 1, heterozygote 12; 2, homozygote 11. trol of these enzymatic system has been described by Perez de la Vega and Allard (1985) and .
Cultivar analyses
The allelic frequencies and the frequency of polymorphic loci for the six cultivars analyzed are shown in tables 2 and 3, respectively. Two criteria have been used to classify a locus as polymorphic: (a) if the frequency of the most frequent allele is 095 or less, and (b) if this frequency is O99 or less. In general, the loci Mdh-1 and Acph are the less polymorphic followed by Mdh-2b, in the six cultivars (table 2). It can be observed that the cultivars which carry translocations are more polymorphic by both criteria of classification (table 3) . This difference is more clearly seen when the means for both the cultivars without translocations and those with translocations are compared. The frequency of rare alleles was also higher in chromosomally polymorphic cultivars than in monomorphic; these data have not been taken in account in this work.
The data on the heterozygosity per locus and mean heterozygosity per cultivar and the FSH in each cultivar are shown in table 4. Heterozygosity values were obtained directly from the observed genotypic frequencies. When a given locus was not in Hardy-Weinberg equilibrium (following Nei's method, 1975) it is marked with an asterisk in table 4.
Although the mean heterozygosity differences between both groups of cultivars (with or without interchanges) are not statistically significant, as a general trend, the mean heterozygosity is higher in cultivars carrying chromosomal interchanges (table 4); and it is confirmed by the existence of a significant positive correlation between FSH and the mean heterozygosity per cultivar. The Tables  5 and 6 show the allelic frequencies, the heterozygosity per locus and mean heterozygosity values, respectively, for both SHm and SHt plants. The values were calculated as in the preceding section.
Mean heterozygosity is similar in both SHm and SHt. However, there are significant differences for some of the loci analysed when the heterozygosity per locus in both plant types are compared, i.e., SHm heterozygosity is higher than that of the SHt for the Got-3 locus, while the situation is the reverse for Pgm-1 and Mdh-2b (table 6) .
On the other hand, SHm and SHt plants were compared with respect to the number of heterozygous loci per individual (up to a maximum of five loci). The percentage of homozygous plants for all the loci analysed was similar (24.57 per cent and 20•23 per cent for SHm and SHt, respectively), and the frequency of heterozygotes for one locus was higher in SHm than in SHt plants (60.18 per cent versus 5072 per cent).
Inbreeding effect in SHt plants
The importance of structural heterozygosity as a mechanism for preserving the genic heterozygosity under inbreeding was examined in plants from the Ailés cultivar. The allelic frequencies, the heterozy- (table 6) . However, the pattern of decrease is different for SHm and SHt for some of the loci analysed. SHt heterozygosity is higher than that of the SHm for the Pgm-1, Gpi-1 and Mdh-2b loci. These differences are of the same type as those found in Ailés sample 2. * Population not in equilibrium for this locus (Nei, 1975) . FSH: Frequency of structural heterozygosity. (Nei, 1975) . SHm = Structural homozygotes. SHt = Structural heterozygotes.
DISCUSSION
Our observations show a higher genetic variability in the rye cultivars carrying structural heterozygosity for reciprocal translocations as a result of both a higher number of polymorphic loci (table 3) and a higher genic heterozygosity ( Comparison of genic heterozygosity between homozygous and heterozygous structural plants of the Ailés cultivar and in the first inbred generation (table 6) indicates that the structural heterozygosity for reciprocal translocations may keep the genic heterozygosity in those loci linked to the translocations. However, this could only be so if the less frequent alleles were located on the translocated chromosomes. Moreover this mechanism would increase in efficiency with increase in linkage between the loci and the translocation points. For a locus not linked with the translocation the distribution of genic heterozygotes among structural heterozygous and homozygous plants will be at random.
Following this reasoning, we could propose that the loci Got-3, Pgm-1 and Mdh-2b are linked with translocations present in the Ailés cultivar, since genic heterozygotes for these loci are not equally frequent in structural homozygotes and heterozygotes. Studies now in progress on some of the interchanges isolated from these samples support this conclusion. Got-3 and Mdh-2b loci are linked with, at least, two different interchanges. One of these involves 3R and 1R chromosomes, being the Got-3 locus in the translocated segment and the Mdh-2b in the interstitial segment. The translocated chromosome carries allele 1 for both loci (Figueiras et cii., 1985) . The other interchange involves 3R and 4R chromosome pairs. Both loci appear to be totally linked to it, allele 1 for Got-3 and allele 2 for Mdh-2b loci being on the translocated chromosome. Moreover, allele 2 for Pgm-1 is totally linked to two heterozygotes carrying interchanges which involve 4R and 5R chromosome pairs. Other of the interchanges analyzed which involves 1R chromosomes, is partially associated with allele 3 for Gpi-1 locus.
If the genic heterozygosity for certain loci had a selective advantage, the structural heterozygotes would be favoured by the natural selection. This could explain the correlation between the structural and genic heterozygosities found, and also the maintenance of the chromosomal polymorphism for reciprocal translocation.
